INTRODUCTION 33
In semiarid regions, water use in irrigated agriculture is a paramount issue for 34 different aspects of water resources management, such as planning and design of 35 new irrigation districts and systems, and water distribution among existing districts. 36
Accurate knowledge of crop water requirements is required to deal with these issues. 37
Irrigation engineering widely uses reference evapotranspiration (ET 0 ) estimates to 38 predict crop water requirements. al. (1998) ; T x , T n and T m , daily maximum, minimum and mean air temperature (°C), 127 respectively; T m was computed as the average of T x and T n ; the ratio 0. proper maintenance and operation. They are only available at research stations and 143 they are generally operated within specific research projects so only short-term 144 records are available. Then, the evaluation of ET 0 estimation equations at a regionalapproach to define and compute reference evapotranspiration, and to calibrate other 148 ET 0 equations (Allen et al., 1994 (Allen et al., , 1998 Walter et al., 2000) . 149
All comparisons were performed by simple linear regression y = b 0 + b 1 x, 150 where y is the dependent variable (ET lys or ET PM ), x is the independent variable 151 (ET H ), b 0 is the intercept and b 1 is the slope. Likewise, for each location data set, the 152 mean esquare error (MEE), the root mean square error (RMSE) and the relative error 153 (RE) were computed using the following expressions (Willmott, 1982) : 154 Table 3 lists the annual average values of several meteorological variables at 178 the study sites for the available recording period. Average annual precipitation was 179 less than 400 mm at six locations and it was less than 475 mm at the other three 180 sites. Average annual air temperature ranged from 13.1 to 14.5 °C, except for 181 Gallocanta, the coldest site, where that figure was 11.6 °C. The coldest sites, Daroca 182 and Gallocanta are located at the mountainous areas surrounding the middle Ebro 183
River Valley ( Figure 1 , Table 1 ). Average annual air relative humidity was relatively 184 similar in all locations ranging from 65 to 76 %. 185
The main difference between locations was the average annual windspeed 186 which ranged from 1.1 m s -1 (Daroca) to 3.1 m s -1 (Gallocanta) ( ET PM estimates at the 9 studied locations. All coefficients of determination were high, 199 above 96 %. However, the different statistics suggest that the performance of the On the other hand, the agreement between ET H and ET PM estimates wasand Zaragoza). In this case, the regression slopes were not significantly different 212 than 1 (α = 0.95) but that of Gallocanta (Table 4) . The MEE values suggest that there 213 was neither overestimation nor underestimation at Ejea, Sariñena and Zaragoza 214 sites, while there was some underestimation at the other three sites, Almudévar, 215
Gallocanta and Monflorite (Figure 2 ). The ratios of average ET PM to average ET H , 216 and the medians of the ratios of monthly ET PM to monthly ET H estimates, suggest 217 that average error was less than 2 % at Ejea, Sariñena and Zaragoza, and between 218 5 to 10 % at Almudévar, Gallocanta and Monflorite (Table 5) On average, certain months of the year are windier than others. It would be 292 possible that the calibration for a site be changed depending on the month being 293 considered in addition to the overall classification of windy versus non-windy. 294
However, under the conditions of this study and the available information, differences 295 among monthly windspeed averages at a given site were generally smaller than 296 those between sites. Then, changes of the calibration factor between months for a 297 given site are not expected be relevant. However, further research should be 298 performed to answer this question. 299
The results shown in this paper suggest that a qualitative calibration of the 300 Hargreaves equation, based on a qualitative knowledge of wind speed at the site of 301 interest, can be performed at semiarid regions. However, an important concern 302 raises as wind speed recordings are not frequent and then it would be difficult to 303 determine whether a specific site is windy or not windy if wind measurements are not 304 available. Nevertheless, the windiness of a site would only require a qualitative 305 knowledge of wind and continuous long-term wind measurements would not be 306 required. For instance, in the middle Ebro River Valley, in the recent years, there hasgeneral, they are short-term measurements, only for limited periods of time (1 to 2 309 years) and no other meteorological measurements have been taken in those sites. 310
The wind power industry has used these recordings to look for appropriate locations 311 for installation of wind mills. Then, it could be followed the thumb rule that a specific 312 site is windy if there are wind mills installed nearby and it is not windy in the opposite 313 case. In general, in the middle Ebro River Valley, these wind mills are installed in the 314 surroundings of valleys and uplands that are oriented from northwest to southeast. In 315 fact, the main winds in Aragón, "cierzo" and "bochorno" blow from northwest and 316 from southeast, respectively. 
